Since oil and gas are non-renewable resources, it is important to identify the extent to which they have been depleted. Such information will contribute to the formulation and evaluation of appropriate sustainable development policies. This paper provides an assessment of the changes in the availability of oil and gas resources in Malaysia by first compiling the physical balance sheet for the period 2000-2007, and then assessing the monetary balance sheets for the said resource by using the Net Present Value method. Our findings show serious reduction in the value of oil reserves from 2001 to 2005, due to changes in crude oil prices, and thereafter the depletion rates decreased. In the context of sustainable development planning, albeit in the weak sustainability sense, it will be important to ascertain if sufficient reinvestments of the estimated resource rents in related or alternative capitals are being attempted by Malaysia. For the study period, the cumulative resource rents were to the tune of RM61 billion. Through a depletion or resource rents policy, the estimated quantum may guide the identification of a reinvestment threshold (after considering needed capital investment for future development of the industry) in light of ensuring the future productive capacity of the economy at the time when the resource is exhausted.
BACKGROUND AND OBJECTIVES
Subsoil assets account for a large proportion of the natural assets in Malaysia. Subsoil assets in Malaysia are predominantly composed of crude oil and natural gas reserves by virtue of economic value. Subsoil minerals particularly oil and natural gas have played a crucial role in the Malaysian economy over the past four decades. In 2009, the value of upstream oil and gas production was some MYR87 billion or 13% of the Malaysian gross domestic product or GDP (PEMANDU 2012) . Exports of petroleum products and gas constituted 17% of MalaysiaÕs total exports in 2011 (MATRADE 2011) . The national oil and gas company (PETRONAS) to date remains the most important contributor of federal governmentÕs income, contributing some 40% to the federal coffer annually in terms of taxes, dividends and royalties.
As of 2010, Malaysia held proven reserves of some 4 billion barrels, which stands for the third highest oil reserves in the Asia pacific region after China and India. Malaysia is the worldÕs eighth largest owner of natural gas reserves with 83 trillion cubic feet (Tcf) of proven reserves (US Energy Information Administration).
MalaysiaÕs total oil production in 2009 was 693,000 barrels per day (bbl/d). Production has been declining since its peak of 862,000 bbl/d in 2004. Malaysia consumes most of her crude oil production where exports in 2009 were 157,000 bbl/d (US Energy Information Administration). The government is currently enhancing output from existing fields and developing new fields in deepwater areas. Natural gas production and domestic consumption have been rising steadily, reaching 2.1 and 1 Tcf, respectively, in 2009 (Department of Statistics, Malaysia 2010a , 2010b ). Based on current extraction rates, MalaysiaÕs crude oil and natural gas reserves are expected to last for 20 and 34 years, respectively.
The conventional GDP indicator captures well the benefits of resource extraction and associated products in the economy (Shields 1998; Jaunky 2012) . However, changes in the stocks of natural assets are clearly omitted from the GDP (Harris and Rieber 1996) . Therefore, national income accounts of resource-rich economies that fail to consider changes in mineral assets may seriously misrepresent national income performance and wealth generation over time (El Serafy 1981; Repetto et al. 1989; Vincent 1997 Vincent , 2001 Askari 1990; Davis 2000; Bureau of Economic Analysis 2000) . Furthermore, energy resource extraction and increasing combustion of fossil fuels are also associated with local air pollution and emission of greenhouse gases that leads to climate change effects. This study gives special focus on the economic valuation of depletion of crude oil and gas resources in Malaysia. Such valuation will denote the scale of resource depletion in relation to its production value or GDP contribution. Note that the term depletion used in this paper refers to the change or decline in asset value rather than physical depletion unless otherwise stated.
The need for the compilation of physical and monetary balance sheets for subsoil assets stems from the idea that non-renewable assets have a finite capacity to supply input materials (United Nations 2003) . Due to the finite nature of such assets, there is an economic return or rents to the resource above the extraction and opportunity costs of the capital utilized. If there is no attempt to recover such rents, it will accrue as ''windfall'' profits to the operators. Estimation of resource rents (RR) will help ascertain whether they are recovered and re-invested adequately to generate future capital assets to sustain the future productive capacity of the economic systems. Further, taking into account the value of depletion of subsoil assets into GDP accounts will show a clear link between resource changes and economic growth. Such analyses will demonstrate a clear path and guide towards improved policy formulation in light of sustainable development quest in Malaysia.
METHODS

Classification of Oil and Gas Reserves
In Malaysia, PETRONAS uses two categories of resource-proved and probable-in her annual report. Proved reserves are quantities of resource that by analysis of geological and engineering data can be estimated with reasonable certainty to be commercially recoverable from known reservoirs commencing from a given data forward and under current economic conditions, operating methods, and government regulations. Proved reserves can be categorized as developed or undeveloped. Probable reserves are unproved reserves that are more likely recoverable than unrecoverable. In this context, when probabilistic methods are used, there should be at least a 50% probability that the quantities actually recovered will be at least equal to the sum of estimated proved plus probable reserves (CCOP 2012) .
Compilation of Physical Balance Sheets
Physical asset accounts depict the physical terms of the stocks and the change in stocks over a period of time. It shows the statistics on initial stocks, additions to reserves through discoveries and reappraisals, physical depletion, and end period stock. The main objective of a stock account is to measure the absolute level of the natural resource at a point in time as an indication of the countryÕs wealth, and to show any changes in its stock levels over a certain period of time.
The compilation of physical balance sheet each year starts with an opening stock, which is equal to the closing stock of the previous year. For each year, the opening stock is affected by three sources of flows: (1) reappraisal of existing reserves due to new information, new technology and price changes; (2) new discoveries; and (3) extractions. Following the outline of Pommé e (1998) and Veldhuizen et al. 2009 , the physical balance sheets of oil and gas reserves for Malaysia were compiled for the period [2001] [2002] [2003] [2004] [2005] [2006] [2007] (Tables 1, 2 ).
Compilation of Monetary Balance Sheets
To construct the monetary balance sheet, the stock values of oil and gas resources for different years (2001) (2002) (2003) (2004) (2005) (2006) (2007) were calculated in this study based on the Net Present Value (NPV) of expected future RR. The NPV method is recommended by the Handbook on Measuring Capital (OECD), the System of National Accounts (SNA) and SEEA 2003. Santopietro (1998) provides a review of alternative methods for estimating RR.
The NPV method is based on assets theory, which calculates the present value (market value) as the sum of discounted expected future RR. How much reserve we have at present, how much we have used, and how long will it last are key questions at the time of valuation. Assumptions were made on future physical extractions and social discount rates. These monetary accounts will allow the aggregation of various asset classes and, hence, comparison can be made in terms of their contributions to the nationÕs wealth.
In this study, the NPV of the future RR was based on a social discount rate of 10%. Theoretically, the NPV under certain conditions-such as no taxes-will be equal to the market value of the resource.
Calculating Resource Rent
As stated earlier, RR refers to the net income from resource extraction. It is the total revenue from sales less all costs incurred in the extraction process including the opportunity cost of capital. This means that the RR represents the returns or income from the resource in excess of the normal return should the associated capital was invested in other economic activities.
In this study, the RR was calculated by subtracting the opportunity costs of fixed capital from the net operating surplus of the oil and gas industry. Since the data on operating surplus were not readily available, RR was estimated by subtracting the value of associated intermediate consumption, consumption of employees and net taxes on production cost from the value of output. The results (net operating surplus) are shown in Table (2000, 2001, 2002, 2003, 2004, 2005, 2006, 2007, 2008 Petronas (2000 Petronas ( , 2001 Petronas ( , 2002 Petronas ( , 2003 Petronas ( , 2004 Petronas ( , 2005 Petronas ( , 2006 Petronas ( , 2007 Petronas ( , 2008 2000, 2001, 2002, 2003, 2004, 2005, 2006, 2007, 2008 (2000, 2001, 2002, 2003, 2004, 2005, 2006, 2007, 2008) The estimated return to fixed capital or opportunity cost was deducted from the net operating surplus each year. The appropriate rate of returns relates to the choice between the application of the default rate of 8% (as proposed by the Eurostat Task Force on Subsoil Assets), or the application of a rate of 8% plus an indicator of general prices changes. This paper considers a default rate of 8% adjusted for inflation. For the general indicator of price level, the deflator of GDP at market prices was used. The results of the RR estimation are depicted in Table 4 . It can be shown that the use of an inflation-adjusted rate of return to capital can significantly affect the results for the RR. This is by the combination of the level of inflation itself and the capital stock/operating surplus ratio. The larger the capital stock, relative to operating surplus and the larger the GDP-deflator, the larger the effect of accounting for inflation on the RR.
The compilation of individual balance sheets for oil and natural gas requires the calculation of a separate RR for oil and for natural gas. It was not possible at this point to make a clear distinction between the production costs of oil and gas. Therefore, we presumed that the ratio between the two RR is equal to the ratio between the production values (gross revenue) of oil and gas. Thus, we used the production values (gross revenues) as weights to apportion the net resource rent for oil and gas (Table 5 ). Table 6 shows the estimated resource rent per standard cubic feet (scf) of natural gas and barrel of oil equivalent.
We used a fixed extraction rate of 610,000 bbl/d and 2280 billion cubic feet for natural gas per year. Annual future or expected unit RR was based on assumption of future price developments. Future price scenarios for oil and gas are often very unreliable, and plagued with uncertainties.
Because oil and gas prices fluctuate very heavily, we decided to use a 3-year moving average basis to estimate the expected unit RR (Table 7) . By taking an average of prices in the last 3 years prices, the estimated monetary values of oil and gas reserves became less sensitive to yearly fluctuations of oil and gas prices.
In compiling the monetary balance sheet, the difference between the opening and closing stock values in year t is split into four components: (1) a revaluation due to price changes; (2) a revaluation due to time passing; (3) the monetary value of the yearly extraction; (4) a residual that accounts for other changes affecting asset levels and values, 11,102,843 7,583,016 14,888,171 15,057,932 10,773,544 10,929,213 9,842,502 2,861,192 Calculated in this study 
À35.85
Note: r refers to rate of return.
Sources:
a Calculated in this study (Table 3) including discoveries, reappraisals and adjustments of mineral resources and differences between realized and projected physical extraction. The revaluation due to price changes is associated with an increase or a decrease of the unit resource rent. The aggregates of first, second, and last components are shown in the monetary balance sheet for natural gas. The adjusted inflation resource rent and a 5% discount rate as a baseline was chosen to reflect the monetary balance sheet of natural gas and crude oil reserves (Tables 8, 9 ).
In the period under investigation, the monetary value of gas reserves varied between RM55.7 billion and RM49.35 billion. Moreover, due to price changes, the economic value of oil and gas reserves has increased, whereas the physical amount of the reserves has decreased. This finding points especially, among others, the importance of appraising both the physical balance sheets and the monetary balance sheets simultaneously. By the end of 2007, the remaining gas reserves in the Malaysia had a monetary value of RM47.95 billion (USD13.9 billion). For the period of study, the economic value of oil reserves (Table 9 ) declined by RM6,920 million. Remaining oil reserves in 2007 were estimated at RM37,942 million (USD11,030 million). Table 10 shows that the contribution of RR to the production value of both sectors has fallen pronouncedly from 28% in 2003 to 10% in 2007.
The depletion of crude oil reserves was declining since its peak in 2002 while the reserves value of natural gas has fluctuated due to discoveries of new gas fields (Table 11 ; Fig. 1 ).
The sensitivity of the baseline model to the different discount rate was investigated. The results are presented in Appendix. It shows that different discount rate has notable effect on the NPV of future incomes (different discount rate refers to differences in attitudes toward risk and time preferences). The higher the discount rate the lower the weight to future resource, thereby, the monetary value of petroleum reserves is lower for higher discount rate and vice versa (Figs. 2, 3) .
DISCUSSION AND POLICY IMPLICATIONS
This paper presents an illustration of the economic valuation of oil and gas depletion in Malaysia over the period [2001] [2002] [2003] [2004] [2005] [2006] [2007] . Given the estimated operating surplus, pricing and discount rate scenarios, Source: AuthorsÕ calculation. 
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Crude oil Natural gas Total reserves the physical reserves had increased by 0.5%. Further, while the physical stock of oil reserves increased by 24% for the same period, the monetary value of oil reserves decreased by about 26%. This finding demonstrates the importance of presenting physical and monetary balance sheets at the same time and the need for a resource depletion policy, which maximize the inter-temporal benefit of the nation over the period that such resources are going to be extracted. More importantly, in the context of sustainable development planning, albeit in the weak sustainability sense, it will be important to ascertain if sufficient re-investments of the RR in related or other human or man-made capital are being attempted. For the study period, the cumulative RRs were to the tune of RM61 billion or an addition of some RM7.6 billion yearly. The estimated amount may guide the identification of re-investment thresholds in other capital (after considering needed capital investment for future development of the industry) in light of ensuring the future productive capacity of the economy at the time when the resource is exhausted. Such reinvestments will reflect well the commitment of the government to assure the well-being of the future generation. It will also be important for the country to formulate a specific policy on RR re-investments and/or utilization in light of sustainable development efforts.
This study is perhaps the first modest attempt in Malaysia to assess the amount of resource changes that escaped from the inclusion of GDP. It is hoped to provide meaningful insights to policy makers about the potential scale of depletion costs and reserve values including projected future estimates. Realizing the significant contribution of RR to production value and further the importance of the resource in generating foreign exchange earnings and the development of downstream activities including domestic energy supply, the government may initiate works on incorporating the value of resource depletion and its associated economic multiplier impacts in GDP figures to have an overall assessment of the dependency of the economy on the resource. Accounting for the economic values of depletion of petroleum resources as well as other natural resources and incorporating it into the system of national accounts, albeit in a satellite framework will be an important first step. This initiatives would encourage government authorities to regard the natural resources of the country as capital assets rather than unlimited given goods, thus making significant in-roads in promoting more prudent resource management and economic decision-making in general.
Unlike the myriad of data sources utilized in this study, future study may consider estimating the resource rent in a more consistent way, especially by directly drawing on the data associated with the domestic production value and operations of the countryÕs state national oil company, PETRONAS. It is worthy to recall that the economic contribution of natural resources is the resource rent they generate. Whether or not the present recovery rates of oil and natural gas rents in the form of government incomes in Malaysia are appropriate can be identified by investigating the relevant taxes, fees, and royalties paid by the resource operators to the government. It will be useful to make a comparison of the estimated resource rent with that of the government incomes derived from such sources. This will be another area of future study.
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APPENDIX
See Tables A1, A2 , A3, A4, A5, A6, A7, A8, and A9. 
